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CLAIMS 



[Clahn(s)] 

[Claim 1] The process which forms an oxide film (12) in the front face of the single crystal silicon substrate 
(1 1) of p mold. The process which pours in a hydrogen ion from the front face of said single crystal silicon 
substrate (11), and forms a hydrogen ion impregnation field (11a) in the interior of said single crystal silicon 
substrate (11), The process which forms the polish recon layer (14) of p mold in one side of the polycrystal 
silicon substrate (13) of p mold used as a support substrate. The process which carries out mirror polishing of 
said p type of polish recon layer (14), and the process which piles up and sticks said polycrystal silicon 
substrate (13) to said single crystal silicon substrate (1 1) so that said p type which carried out mirror polishing 
of polish recon layer (14) may stick to said oxide film (12), Said single crystal silicon substrate (11) has been 
stuck to the polycrystal silicon substrate (13). The process which heat-treats at predetermined temperature, 
separates said single crystal silicon substrate (11) from said polycrystal silicon substrate (13) in said hydrogen 
ion impregnation field (1 la), and forms a silicon layer (1 lb) in the front face of said polycrystal silicon 
substrate (13), The manufacture approach of a SOI substrate including the process which heat-treats fiirther said 
polycrystal silicon substrate (13) which has a silicon layer (1 lb) on a front face. 

[Claim 2] The process which forms an oxide film (12) in the front face of the 1st single crystal silicon substrate 
(1 1) of p mold. The process which pours in a hydrogen ion from the front face of said 1st single crystal silicon 
substrate (11), and forms a hydrogen ion impregnation field (1 la) in the interior of said 1st single crystal silicon 
substrate (11), The process which piles up and sticks the 2nd single crystal silicon substrate (13a) of p+ mold 
which serves as a support substrate through said oxide film (12), or a p-H- mold to said 1st single crystal silicon 
substrate (11), Said 1st single crystal silicon substrate (1 1) has been stuck to the 2nd single crystal silicon 
substrate (13a). The process which heat-treats at predetermined temperature, separates said 1st single crystal 
silicon substrate (1 1) from said 2nd single crystal silicon substrate (13a) in said hydrogen ion impregnation field 
(11a), and forms a silicon layer (1 lb) in the front face of said 2nd single crystal silicon substrate (13a), The 
manufacture approach of a SOI substrate including i5ie process which heat-treats fiirther said 2nd single crystal 
silicon substrate (13a) which has a silicon layer (1 lb) on a front face. 

[Claim 3] The process which forms an oxide film (12) in the front face of the 1st single crystal silicon substrate 
(1 1) of p mold, The process which pours in a hydrogen ion from the front face of said 1st single crystal silicon 
substrate (1 1), and forms a hydrogen ion impregnation field (1 la) in the interior of said 1st single crystal silicon 
substrate (1 1), The process which forms the polish recon layer (14a) of p-mold in one side of the 2nd single 
crystal silicon substrate (13a) of p+ mold used as a support substrate, or a p-H- mold. The process which carries 
out mirror polishing of said p-type of polish recon layer (14a), The process which piles up and sticks said 2nd 
single crystal sihcon substrate (13a) to said 1st single crystal silicon substrate (1 1) so that said p-type which 
carried out mirror polishing of polish recon layer (14a) may stick to said oxide film (12), Said 1st single crystal 
silicon substrate (1 1) has been stuck to the 2nd single crystal silicon substrate (13a). The process which heat- 
treats at predetermined temperature, separates said 1st single crystal silicon substrate (11) from said 2nd single 
crystal silicon substrate (13a) in said hydrogen ion impregnation field (11a), and forms a silicon layer (1 lb) in 
the front face of said 2nd single crystal silicon substrate (13a), The manufacture approach of a SOI substrate 
including the process which heat-treats fiirther said 2nd single crystal silicon substrate (13a) which has a silicon 
layer (1 lb) on a front face. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the origmal precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a SOI (Silicon On Insulator) 
substrate of having prepared the semi-conductor layer on the insulator layer produced using a hydrogen ion 
impregnation technique. ' 
[0002] 

[Description of the Prior Art] This kind of SOI substrate has attracted attention as a future ultra-large scale 
integrated circuit (ULSI) $ubstrate. SIMOX which carries out annealing treatment at an elevated temperature, 
forms a pad 'silicon oxidizing zone in the field of the predetermined depth from this silicon substrate surface, 
and makes an active region the Si layer by the side of that front face after pouring high-concentration oxygen 
ion into the interior, of the approach of making a silicon thin film depositing on the substrate which has the 
approach, ** insulation substrate, or the insulating thin film which sticks ** silicon substrates on the 
manufacture approach of this SOI substrate through an insulator layer on a front face, and ** silicon substrate — 
there is law etc. Moreover, a temperature up is carried out to the temperature which crosses an ion-implantation 
side for this semi-conductor substrate, and crosses 500 degrees C for superposition and this layered product to a 
support substrate as a superposition side after injecting a hydrogen ion etc. into a semi-conductor substrate 
recently, the above-mentioned semi-conductor substrate is separated from a support substrate in the field which 
poured in the above-mentioned hydrogen ion etc., and the manufacture approach of a thin semiconductor 
material film of having the thin film of ja semi-conductor on the front face of a support substrate is proposed 
(JP,5-21 1 128,A). By this approach, if ion can be poured into homogeneity from a front face inside a semi- 
conductor substrate, the semi-conductor substrate which has a semi-conductor layer with uniform thin thickness 
will be obtained. Moreover, if the oxide film is beforehand prepared in the front face of a support substrate, the 
SOI substrate which has the semi-conductor layer formed on the oxide film which is formed on a support 
substrate and this substrate by this approach, and acts as a pad oxide film, and this oxide film can be 
manufactured. 
[0003] 

[Problem(s) to be Solved by the Invention] however, when the above-mentioned semi-conductor layer formed 
on the above-mentioned oxide film is polluted with a heavy-metal impurity in a device process After a pad 
oxide film serves as a gettering layer which has gettering capacity and catches a heavy-metal impurity There is 
a problem which emits the heavy -metal impurity which the oxidizing zone crystallized with advance of heat 
treatment once caught into the above-mentioned semi-conductor layer, and is easy to produce redistribution, and 
originates in this and quality degradation by contamination of a semi-conductor layer produces. The purpose of 
this invention has the semi-conductor layer produced using a hydrogen ion impregnation technique in the SOI 
substrate piled up on a semi-conductor substrate through an oxide film in offering the manufacture approach of 
a SOI substrate of having big gettering capacity and not making a semi-conductor layer polluting with a heavy- 
metal impurity. 
[0004] 

[Means for Solving the Problem] The process at which invention concerning claim 1 forms an oxide film 12 in 
ttie front face of the single crystal silicon substrate 11 of p mold as shown in drawing 1 , The process which 
pours in a hydrogen ion from the front face of the single crystal silicon substrate 1 1, and forms hydrogen ion. 
impregnation field 1 la in the single crystal silicon substrate 1 1 interior. The process which forms the polish 
recon layer 14 of p mold in one side of the poly crystal silicon substrate 13 of p mold used as a support substrate, 



The process which carries out mirror polishing of this p type of polish recon layer 14, and the process which 
piles up and sticks the polycrystal silicon substrate 13 to the single crystal silicon substrate 1 1 so that the polish 
recori layer 14 of p mold which carried out mirror polishing may stick to an oxide film 12, The process which 
heat-treats at predetermined temperature, sticking the single crystal silicon substrate 1 1 to the polycrystal silicon 
substrate 13, separates the single crystal silicon substrate 1 1 firom the polycrystal siUcon substrate 13 by 
hydrogen ion impregnation field 11a, and forms silicon layer 1 lb m the front face of the polycrystal silicon 
substrate 13, It is the manufacture approach of a SOI substrate including the process which heat-treats further 
the polycrystal silicon substrate 13 which has silicon layer 1 lb on a front face. Since it sticks to the oxide-film 
12 bottom at this and the polish recon layer 14 of p mold is formed, as shown in drawing 1 , even if silicon layer 
1 lb is polluted with a heavy-metal impurity in a device process, the polycrystal silicon substrate 13 whole acts 
as a gettering layer wdth the polish recon layer 14 of p mold. That is, since the heavy-metal impurity in silicon 
layer 1 lb passes an oxide film 12 and is caught by the grain boundary of the both sides of the poUsh recon layer 
14 of p mold, and the polycrystal silicon substrate 13 of p mold, even if heat treatment advances, silicon layer 
1 lb is not polluted with a heavy-metal impxirity. Moreover, when the big polycrystal silicon substrate and big 
oxide film of a grain boundary are stuck directly, bonding strength may be small, but in this invention, since the 
polish recon layer 14 of p . mold which carried out flattening by polish is formed between the polycrystal silicon 
substrate 13 of p m6ld, arid the oxide film 12, the bonding strength of the polycrystal silicon substrate 13 and an 
oxide film 12 increases. In addition, after the polycrystal silicon substrate 13 of p mold slices the owner 
rearrangement-ized section of a single-crystal-silicon ingot, it is using what carried out mirror polishing, and 
can also be produced by low cost 

[0005] The process at which invention concerning claim 2 forms an oxide film 12 in the front face of the 1st 
single crystal silicon substrate 1 1 of p mold as shovm in drawing 2 , The process which pours in a hydrogen ion 
from the front face of the 1st single crystal silicon substrate 1 1 , and forms hydrogen ion impregnation field 11a 
in the 1st single crystal silicon substrate 1 1 interior, The process which piles up and sticks 2nd single crystal 
silicon substrate 13a of p+ mold which serves as a support substrate through an oxide film 12, or a p-H- mold to 
the 1st single crystal silicon substrate 11, The 1st single crystal silicon substrate 1 1 has been stuck to 2nd single 
crystal silicon substrate 13a. The process which heat-treats at predetermined temperature, separates the 1st 
single crystal silicon substrate 1 1 from 2nd single crystal silicon substrate 13a by hydrogen ion impregnation 
field 11a, and forms silicon layer 1 lb in the front face of 2nd single crystal silicon substrate 13a, It is the 
manufacture approach of a SOI substrate including the process which heat-treats fiirther 2nd single crystal 
silicon substrate 1 3a which has silicon layer 1 lb on a front face. As shown in drav^ng 2 , it sticks to the oxide- 
film 12 bottom at this, and 2nd single crystal silicon substrate 13a of p+ mold or a p++ mold is formed. 
Compared with the single crystal silicon substrate of p-mold, p+ mold or a p-H- mold single crystal silicon 
substrate tends to form BMD (Bulk MicroDefect) during heat treatment, and its capture capacity over a heavy- 
metal impurity is [ this BMD ] high. Moreover, since boron forms heavy-metal impurities, such as iron, and a 
stable iron-boron pair, p+ mold or the p++ mold single crystal silicon substrate vnih high boron concentration 
has the capture capacity [ point / this ] high [ boron ] over a heavy-metal impurity. That is, even if silicon layer 
1 lb is polluted with a heavy-metal impurity in a device process, the whole 2nd single crystal silicon substrate 
13a of p-i- mold used as a support substrate or a p-H- mold acts as a gettering layer. That is, the heavy-metal 
impurity in silicon layer 1 lb passes an oxide film 12, and is caught by 2nd single crystal silicon substrate 13a of 
p-i- mold or a p++ mold, and even if heat treatment advances, silicon layer 1 lb is not polluted with a heavy- 
metal impurity. 

[0006] The process at which invention concerning claim 3 forms an oxide film 12 in the front face of the 1st 
single crystal silicon substrate 1 1 of p mold as shown in drawing 3 , The process which pours in a hydrogen ion 
from the front face of the 1st single crystal silicon substrate 11, and forms hydrogen ion impregnation field 11a. 
in the 1st single crystal silicon substrate 1 1 interior, The process which forms polish recon layer 14a of p-mold 
in one side of 2nd single crystal silicon substrate 13a of p+ mold used as a support substrate, or a p-H- mold. 
The process which carries out mirror polishing of this p-mold polish recon layer 14a, and the process which 
piles up and sticks 2nd single crystal silicon substrate 13a to the 1st single crystal silicon substrate 1 1 so that 
polish recon layer 14a of p-mold which carried out mirror polishing may stick to an oxide fihn 12, The 1st 
single crystal silicon substrate 1 1 has been stuck to 2nd single crystal silicon substrate 13a. The process which 
heat-treats at predetermined temperature, separates the 1st single crystal silicon substrate 1 1 from 2nd single 
crystal silicon substrate 13a by hydrogen ion impregnation field 1 la, and forms silicon layer 1 lb in the front 
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face of 2nd single crystal silicon substrate 13a, It is the manufacture approach of a SOI substrate including the 
process which heat-treats further 2nd single crystal silicon substrate 13a which has silicon layer 1 lb on a front 
face. Since 2nd single crystal silicon substrate 13a of p+ mold or ap+-h mold is formed in the oxide-film 12 
bottom through polish recon layer 14a of p-mold as shown in drawing 3 R> 3, Even if silicon layer 1 lb is 
polluted with a heavy-metal impurity in a device process, 2nd single crystal silicon substrate 13a of p+ mold or 
a P++ mold acts as a gettering layer with polish recon layer 14a of p-mold. That is, the heavy-metal impurity m 
silicon layer 1 lb is caught by the both sides of 2nd single crystal silicon substrate 13a of polish recon layer 14a 
of an oxide fihn 12 and p-mold and p+ mold, or a p-i-+ mold, and even if heat treatment advances, silicon layer 
1 lb is not polluted with a heavy-metal impurity. Moreover, although we are anxious about affecting the breadth 
of the depletion layer at the time of actuation of the component formed in silicon layer lib when 2nd single 
crystal silicon substrate 13a of p+ mold or a p-H- mold was directly under an oxide film 12 depending on a 
device, and making an electrical property produce fault By changing the thickness of polish recon layer 14a of 
p-mold fabricated between 2nd single crystal silicon substrate 13a of an oxide film 12, p+ mold, or a p-H- mold 
according to a device design The effect of the breadth on the depletion layer at the time of the component 
actuation formed in silicon layer lib can be controlled. 
[0007] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained based on a drawing. 
As shown in drawing 1 , in order to manufacture the SOI substrate of the 1st gestalt of this invention, the single 
crystal silicon substrate 1 1 of p mold is prepared first. This p mold single crystal substrate 1 1 is produced by 
using boron (B) as a dopant. The oxide film 12 which is an insulating layer is formed in the front face of this p 
mold single crystal substrate 1 1 by thermal oxidation ( drawing 1 (a)). Preferably, 0.1-2 micrometers of this 
oxide film 12 are formed so that it may become the thickness of 0.1-0.5 micrometers. Subsequently, the ion 
implantation of the hydrogen ion is carried out v^th the dose of one to 10xl016-/cm2, and the acceleration 
energy of 50-200keV from the front face of p mold single crystal substrate 1 1 which has an oxide film 12. 
Consequently, ion-implantation field 1 la is formed in the single crystal substrate 1 1 interior ( drawing 1 (b)). 
Subsequently, it has the same surface area as the above-mentioned single crystal substrate 1 1, the polycrystal 
silicon substrate 13 of p mold used as a support substrate is prepared, and the polish recon layer 14 of p-mold is 
formed in the front face of this p mold polycrystal substrate 13 with a CVD method ( drawing 1 (c)). Preferably, 
0.5-3 micrometers of this p mold polish recon layer 14 are formed so that it may become the thickness of 0.5-2 
micrometers. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a SOI (Silicon On Insulator) 
substrate of having prepared the semi-conductor layer on the insulator layer produced using a hydrogen ion 
impregnation technique. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the SOI substrate which the semi-conductor layer produced using a hydrogen ion 
impregnation technique piles up on a semi-conductor substrate through an oxide film according to this invention 
as stated above The polish recon layer of p mold is formed in one side of the polycrystal silicon substrate of p 
mold used as a semi-conductor substrate. [ whether the above-mentioned oxide film is formed on the single 
crystal silicon substrate of p+ mold which forms the above-mentioned oxide film on this polish recon layer, or 
serves as a semi-conductor substrate, or a p++ mold, and ] Or the polish recon layer of p-mold is formed in one . 
side of the single crystal silicon substrate of p+ mold used as a semi-conductor substrate, or a p-H- mold. Since 
the above-mentioned oxide film was formed on this polish recon layer, even if the above-mentioned semi- 
conductor layer is polluted with a heavy-metal impurity in a device process The single crystal silicon substrate 
of the polish recon layer of the above-mentioned p-mold, the above-mentioned p+ mold, or a p-H- mold acts as a 
gettering layer, and. catches the heavy-metal impurity in the above-mentioned semi-conductor layer. 
Consequently, even if heat treatment advances, the above-mentioned silicon layer is not polluted with a heavy- 
metal impurity, but quality degradation of a SOI substrate can be prevented. 
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EXAMPLE 



[Example] Next, in order to show the concrete mode of this invention, the example of this invention is 
explained with the example of a comparison. 

As shown in <example 1> drawing 1 (a), the oxide film 12 with a thickness of 400nm was formed in the front 
face of p mold single crystal silicon substrate 1 1 by thermal oxidation. Subsequently, the electrical potential 
difference of 70keY'(s) was impressed to the single crystal silicon substrate 1 1, the ion implantation of the 
hydrogen ion was carried out with the dose of 7xl016-/cm2, and ion-implantation field 1 la was formed in the 
single crystal substrate 1 1 interior ( drawing 1 (b)). Subsequently, the poly crystal silicon substrate 13 of p mold 
which has the same surface area as the single crystal substrate 1 1 was prepared, and the polish recon layer 14 of 
p mold with a thickness of 500nm was formed in the front face of this p mold polycrystal substrate 13 with the 
CVD method ( drawing 1 (c)). Subsequently, mirror polishing of the p mold polish recon layer 14 was carried 
out, and it carried out flattening. Subsequently, the single crystal substrate 1 1 and p mold polycrystal substrate 
13a were washed by SCI penetrant remover, respectively. Subsequently, the polycrystal substrate 13 was piled 
up and stuck to the single crystal substrate 1 1 so that the polish recon layer 14 might stick to an oxide film 12 
( drawing 1 (d)). Subsequently, heat treatment was performed for 30 minutes at the temperature of 600 degrees 
C in nitrogen-gas-atmosphere mind, sticking the single crystal substrate 11 to the polycrystal substrate 13. 
Consequently, it was divided in the place whose single crystal substrate 1 1 is ion-implantation field 1 la, and 
separated into upside hbavy-gage part 11c and semi-conductor layer lib with the thin lower part ( drawing 1 
(e)). Next, temperature was lowered, heavy-gage part 1 Ic was removed ( drawing 1 (f)), and the polycrystal 
substrate 13 with which the laminating of the polish recon layer 14, an oxide film 12, and the semi-conductor 
layer lib was carried out to the front face one by one was heat-treated at 1 100 degrees C in nitrogen-gas- 
atmosphere mind for 2 hours ( drawing 1 (g)). Finally the separation side of semi-conductor layer 1 lb was 
ground and graduated, and the SOI substrate of an example 1 was manufactured ( drawing 1 (h)). 
[001 1] As shown in <example 2> drawing 2 (a) - drawing 2 (b), the same process as an example 1 was repeated 
and ion-implantation field 1 la was formed in the interior of tfie 1st single crystal silicon substrate 1 1 of p mold 
which has tiie oxide film 12 with a thickness of 400nm on a front face. Subsequently, 2nd single crystal silicon 
substrate 13a of p+ mold which has the same surface area as the single crystal substrate 11, or a p-H- mold was 
prepared ( drawing 2 (c)). Subsequently, the 1st single crystal silicon substrate 11 and 2nd single crystal silicon 
substrate 13a were washed by SCI penetrant remover, respectively. Subsequently, 2nd single crystal silicon 
substrate 13a was piled up and stuck to the 1st single crystal silicon substrate 1 1 through the oxide film 12 
( drawing 2 (d)). Subsequently, heat treatment was performed for 30 minutes at the temperature of 600 degrees 
C in nitrogen-gas-atmosphere mind, sticking the 1st single crystal substrate 1 1 to 2nd single crystal silicon 
substrate 13a, Consequently, it was divided in the place whose 1st single crystal substrate 1 1 is ion-implantation 
field 11a, and separated into upside heavy-gage part 1 Ic and semi-conductor layer lib with the thin lower part 
( drawing 2 (e)). Next, temperature was lowered, heavy-gage part 11c was removed ( drawing 2 (f)), and 2nd 
single crystal silicon substrate 13a by which the laminating of an oxide film 12 and the semi-conductor layer 
1 lb was carried out one by one to the front face was heat-treated at 1 100 degrees C in nitrogen-gas-atmosphere 
mind for 2 hours ( drawing 2 (g)). Finally the separation side of semi-conductor layer 1 lb was ground and 
graduated, and the SOI substrate of an example 2 was manufactured ( drawing 2 (h)). 

[0012] As shown in <example 3> drav^ng 3 (a) - drawing 3 (b), the same process as an example 1 was repeated 

and ion- implantation field 1 la was formed in the interior of the 1st single crystal silicon substrate 1 1 of p mold 
which has the oxide film 12 with a thickness of 400nm on a front face. Subsequently, 2nd single crystal silicon 
substrate 13a of p+ mold which has the same surface area as the single crystal substrate 1 1, or a p-H- mold was 



prepared, and polish recon layer 14a of p-mold with a thickness of 500nm was formed in the front face of this 
2nd single crystal silicon substrate 13a with the CVD method ( drawing 3 (c)). Subsequently, mirror polishing 
of the p-mold polish recon layer 14a was carried out, and it carried out flattening. Subsequently, the 1st single 
crystal silicon substrate 1 1 and 2nd single crystal silicon substrate 13a were washed by SCI penetrant remover, 
respectively. Subsequently, 2nd single crystal silicon substrate 13a was piled up and stuck to the 1st single 
crystal substrate 1 1 so that polish recon layer 14a might stick to an oxide film 12 ( drawing 3 (d)). 
Subsequently, heat treatment was performed for 30 minutes at the temperature of 600 degrees C in nitrogen- 
gas-atmosphere mind, sticking the 1st single crystal substrate 1 1 to 2nd single crystal silicon substrate 13a. 
Consequently, it was divided in the place whose 1st single crystal substrate 1 1 is ion-implantation field 1 la, and 
separated into upside heavy-gage part 11c and semi-conductor layer lib with the thin lower part ( drawing 3 
(e)). Next, temperature was lowered, heavy-gage part 11c was removed ( drawing 3 (f)), and 2nd single crystal 
silicon substrate 13a by which the laminating of an oxide film 12 and the semi-conductor layer 1 lb was carried 
out one by one to the front face was heat-treated at 1 100 degrees C in nitrogen-gas-atmosphere mind for 2 hours 
( drawing 3 (g)). Finally the separation side of semi-conductor layer lib was ground and graduated, and the SOI 
substrate of an example 3 was manufactured ( drawing 3 (h)). 

[0013] If it removed having not formed the poUsh recon layer 14 of p mold in the front face of p mold^ 
poly crystal substrattTn used as the <example 1 of comparison> support substrate, the approach of an example 
1 was repeated substantially and the SOI substrate of the example 1 of a comparison was manufactured. 
[0014] In each SOI substrate of the <comparative-evaluation> example 1, an example 2, an example 3, and the 
example 1 of a comparison, after polluting the substrate front face compulsorily with the spin coat method using 
the 1000 ppm copper standard solution and performing 900 degrees C and heat treatment of 1 hour in nitrogen- 
gas-atmosphere mind, the copper concentration (atoms/cm3) in semi-conductor layer 1 lb was investigated with 
5ie atomic absorption method. The result is shown in drawing 4 . 

[0015] The copper concentration in semi-conductor layer 1 lb of examples 1-3 (atoms/cm3) is low compared 
with the example 1 of a comparison so that clearly from drawing 4 . Since this has the gettering capacity for the 
SOI substrate of examples 1-3 to be big, it shows that semi-conductor layer 1 lb is hard to be polluted with a 
heavy-metal impurity compared with the SOI substrate of the example 1 of a comparison. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the manufacture approach of the 1st SOI substrate of the operation gestalt of this 
invention in order of a process. 

[Drawing 2] Drawing sho>ying the manufacture approach of the 2nd SOI substrate of the operation gestalt of 
this invention in order of a process. 

[Drawing 3] Drawing showing the manufacture approach of the 3rd SOI substrate of the operation gestalt of this 
invention in order of a process. 

[Drawing 4] Drawing showing the copper concentration in semi-conductor layer lib in the SOI substrate of 

examples 1-3 and the example 1 of a comparison. 

[Description of Notations] 

1 1 P Mold Single Crystal Silicon Substrate 

1 1 a Ion-implantation field 
1 lb Semi-conductor layer 
1 Ic Heavy-gage part 1 Ic 

12 Oxide Film 

1 3 P Mold Polycrystal Silicon Substrate 

13a The 2nd single crystal silicon substrate of p+ mold or a p-H- mold 

14 Polish Recon Layer of P Mold 

1 4a The polish recon layer of p-mold 
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fuiB*ieS->y 3 yStS(li)'0SSA^?)7K^-l':t>'«ra 
A LxmiMmFs V 3 ymW. (i i) mcim-f t vii 
A^ii (1 1 a) ^Jgfig-r i. IS i: , 

t * p ■> 3 y s« (13) ©fratc 

Wi2 p S © d< 'J 'J 3 y ^ ( 1 4 ) 5:^® WJ» f 5 i: . 
i5iBKit;K(i2)JctSSPBtfctuEpS05l^U i/'j ay io 

*ulE^ieS-> 'J 3 yS« (13) *«fe^t)HiTS5«?'lirS 

Sf||B#^ll 'J 3 ySffi (11) ^^iiSSi/ U 3 ystg (i3) 

'J 3 VSffi (1 1 ) ^miikm ^ * yaXfflft? (1 la) t?tut2 
.^^B^ai^'; 3ySffi(13)*>c.^8ILTt1}!B^ierBi/'J 3 

vsts(i3)ogffifc v-y 3 vKi ib)%fl5fiR-r5ia 

Sffi{C->'J 3>@(llb)**-rSWfB^iKrB->U 3^8 20 

«(i3)*M(cS^i!iaf «.Xgi:5:#tyS 0 I BffiOiiafi 

[w^^2] ps©mi#$SB^->';3i/ss(ii)os 

®tcK{tM(l2)«:je^-r«lMt. 

fluiB^ 1 -> y 3 yaffi (1 1 ) o«ffi*> f) 7j<^'<' y 

*ttAUTWffi^ 1 WSrB-yJ 3ySffioi)rtgBfC7k^ 

^ y axfwss (1 1 a) ^ jBfiSfr s IS t , 
wiss 1 **gBiy'; 3y»^(ii)tcgijia^{tflS(i2)5r/t 

L t ^: « p • SXtt p SOS 2 *igS-> 'J 
3yS^g(i3a)^l^^b-t*-tsB«$^^XSi:. so 
WiES 1 *3iiS^B -y 3 ysffi (11)^^2 mm^B y U 3 y 
SIS (13a) tcS5«* it/i S Sm^fOiSiST'l^iaa LTgij 

IBS 1 *iSfB'y 'J 3yaig(ii)%tfiiB3j<m'r*yaA« 

HEd la)THijiBS 2 W^fBiy 'J 3 y»«(13a)*^ P.5^BIL 

TWIBm 2 mi^B^y 'J 3 ySffi(i3a)©«®(c-y u 3 y 

l(llb)%}Bfig-r5Xgfc, 

Sffitc y 3 ym (lib) 5rwr s hIjibs 2 **grBy 3 

yS«(i3a)«:M(cS^«aS-r2.Xgi:%^tyS 0 1 ats 

Ci»*Ji3] ps©^i*i^s-yy3ys«(ii)©g « 
micmm d 2) ^j^eg-r ^xs t , 
HuiBH 1 *K^By 3ysfi(ll)o^ffi*^p,7J<«1':^-y 
^ftAtTwiBS 1 s^mrB>'V=i>mmn)nBic^m 

^ JtSIS t ^ « p • SX« p " Si©S 2 ^^SbI v"J 3 y 

»S(13a)©it®{C p-SO'l^ y y 'J 3y^ (Ha)^m 

■rsxet, 

*uiE p so'i? V y 'J 3 yi (i4a)*^ffiwe-r sxs 

flOIBi?<l:M(12)tcaffiWgUfcBtjlBpS©5K'J -yy 3 so 



yS(i4a)*^SB«-r5J;3K:i}IBSI 1 ^iSs^yJ 3yS 
ffi (1 1) CftjIB^ 2 mi^gS/ U 3 ySfi(13a)*«te^t) 

mmm 1 mj^rs-y u 3 ys«(i i)*s 2*igay y 3 y 

S« (13a) fc t tfilT^©SaT-|^«ag bTtu 

IBS 1 ^ij^rayy 3yg«(ii)^tijiB7K^'C;tyaA^ 

« (1 1 a) T'tiJIBH 2 y y 3 y Sffi (1 3a) *^ 5) i^ilt L 

T*aiBS2#eB^'y y 3ys«(i3a)ogSK-yy 3y 

aastcy y 3 ym (i ib)*»-rst5!BS 2 *i^sy y 3 
>mmi^)^MicmKmt^xmt^^ts s 0 1 a« 

[0001] 

mmomtztimm Tk^-r^i-yaAfi 

'mm^'Timtmfi&mmiic^mwm^mifrc so 

I (Silicon On Insulator) SffiOiSfifiTjiSfCBHt-St 
[0 0 0 2] 

5l50K?!i5] C ©a© S 0 I »ffitt1?5l5©iSj«»«0 

ss (ULs I) s«i:bTaa$nTtT(/^5c ;:©s 

0 I 5tg©i!iig:^i£Jctt. ®yy3yS«|H|±%l6iiSM 

ii*«S(::w-r5Sts©±Ky y 3y»s^i^«^^^s 
(Dyy3ystg©i^Sl5tisgje©B!iRf :i-y?rii 
XLfcm. S5iST-7^-;l/S!iSbTC©yy3y»S8 
E)!)^5.Rif^©)Si^©ffl«»cSjii»*.y y 3y^{l:^;&jl5fi)c 
^©«sffi!)©s im^fs^mmtt^s imoxs 
4ifA^sso $fo:«jfi. ^jii*aisfC7K^^'*yii©a 

^■a-Si: tT3tlt»«(cSta^-ti-. c©an*^ 5 0 0 
*C«:®;^-5iae{C#)gbT±fEitiai(*StS^±fB7j<^'r 
;ty|??:aAbAc®«T-SJ$S«*^e.^JI8IL, ^ItSfi? 
©gEtci)i»t*:©»)l^Wr 5»u>iiiSli*«ifst7 ^' 
©Sji7^)S*^ffl^*nTI/^§ (1tFJ¥5-2 1112 

8) o c©:^ffiT-tts f^y^riiisifrssoi^asfcg® 

^t^&^mwmmm^ti^o tfc2»»ts©astc5 

mtc(Dmi\:M±icmi&t^tirc!^m#st^^t^ so 

[0.0 0 3] 

[f^B^A^»9itJ:9i:-r^il^] L*>L. ±fBS{b«± 
tc fl^figS tifc±IB¥jS<*^)f)^x7 U 7> -fc X * fcl^ 

•y if y y i^fi6:^«*-rsy-y f V xfmttji-oxm&fs, 

^^ifit&^Jf fflL-fctST. f^«a§©jliTti:#o TJ^B^Bik L 
fcSS<bg*^-fi}iS Lft«^JiT*ie%l«r±iB4i»#14' 
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[0 00 4] 

BStc^bSi 1 2 ^rJgfiRfSXSi:. ^^fav' 'J 3 VSfi io 

ffil irtWc7K^i'*>aA«isi 1 a^m^t^xm 

t > 3?itS« i: %^ p lJ©^*gfBi/ 'J 3 v»« 1 3 on- 

pScojK';->';nvMi 4%^B»fie-r«ist, eft 

n 1 2 icmmmm Ltcp u -> u 3 1 4 a^^^ 

Si 3^1^a^t)-a-TSg«?-(tSl8i:, *i^rB'>';3 

ms©)S]ST'^saaLTm^B^HV"j3vs«i i^7j<« 20 

-< :t >&Xmi0. 1 1 a T'^i^rs 'J 3 I 3io'b^ 
(itT^JKSi^'j3V»ffil 3cOgak:i/U3>Hl 1 

b^}g5!c-ri>Igi:, Sffit->'j3V)i i 1 b^^-r?. 

S 0 I StS©iijg;5-}ST'$)5o 0 1 tc^v-r J; ^ fc. eit 

1 4ft^fl5fi)t?nTi/^?)fci6, i";3>ii] 1 bA^-r/W 
X7°n-bXcffcS&S^aWi:<fct)ff§fii$nTfc. p^ 
0.-K'j$/"j3y)i 1 4 ttfc(c^iSffi->«j3yS«i 3 

'jnvsi 1 btiS^S^^I^T'i^Si^n^t,^ SfciS 

SO^^g^i^'J nvSS 1 3 tefkH 1 2 i:cD^{c«W 
S{cj;t)¥iiftLfcpS<0;}<'J-:^'j3yii 4A^}gfiE^ 
nT^^^tcib. ^ieSv"J3>Sffil 3fcKfb^l 2i: 

tsi 3(i. *iga->'j3y^'>3--y ho^ecntgp^rx 

[0 0 0 5] if«a2{C#i.^B^«, ia2{C^-rj;^ 

tc, pSomi*MB^->'J3>ftfii KoaSfcSftK 

\ z^B^t^umt. si#iss.->'j3ystsi 10 

1 lf^a5tC7j<«^';i->'aA®«l 1 a^B&t^xm 

t. si**gB^B'>';3vsffii ucggfbiii 2^/^uT 

3£Jf Sffi i: «c 5 p * SXtt p " SOS 2 'J 3 y so 



S« 1 3 a ?r«fe^t>ii:Tffi«^-<i-SIiSi:> m 1 
a^-> 'J 3 1 1 ^S 2 m*SB^ i/ 'J 3 1 3 a 

3VS«1 l«:7Kigi':j-yaA^i^I 1 aTS2*i|grB 

ij 3 1 3 a A> LTS 2 m«gS-> U 3 
ffil 3 a<0«ffiC->'j3>'^l 1 h^m&tiXfit.. 

«®(c->«j3i/si 1 b^wrsm2#ie^i/'j3ya 

«1 3 a%S{cSMiai-5XSt«StrS0 iSEOia 
)i7?!iT'$.?)o 0 2(C^-r<}:3{Cv KfbMl 2 0TffliJ(c 

« c ntc^» LT p* sxtt p" m(om 2 u 3 
y»s 1 3 aA^jgfig^nTv^So p-mxitp" mmf& 

m-y U 3 p ■ U 3 ysfijc Jt-c, 

^SQS4'{CBMD (Bulk HicroDefect) ^JgHKL-^-T 

P" ms^m^B'>U 3 y»sa. c tS^S^ffi 

t , 3t^f Sffi i: % 5 p • SX« p " SOS 2 *ieB^B -> 
3>gffi 1 3 a^(t:*^y<y ^» U V^^'^t LTf^ffl-TS, 
EP^ -yU 3 >S 1 1 b tf OS^«Tffi*!!l*mi» l- 2 «r 

UT p ^ mXli p ** SOS 2 *,^B^B>' U 3 yStg 1 
3a(cfflS?n. SiMSAWTLTfc->';3ySl 1 b 

[0 0 0 6] ti^msic^z^mii. E3fc*-r<kd 

ic. psos 1 ¥*s^a->y 3 va« 1 1 o^BtcKfks 
1 z^m^t^umt. simigrB>"j3>s«i lo 

1 i[*imc7m-c^yitxmmi i a^mj^t^xm 
t. ^its«t%5p'Sxttp" sos2#i!ia^->u 

3>'g:Kl 3 aOK-®fi:p-S03H'J->U3yM l 4 a 

^m^-tixmt. i:op-sd^';>><;3>^i 4 a5r 
a®if^-r?.igt, iEfkni 2(caffi5ffSLfcp-s 

OjJt >J 'J 3 1 4 a *^gB«-r S J; o icm 1 #ieBl-> 
.'J 3 y»« 1 UcS 2 *!eS>' 'J 3 >S« 1 3 a ^mi3 

^h^xmmt^^xmt. si*«gs->.y3>s^i 
1 ^s 2 mi^^-> >; 3 ysffi 1 3 a »cs>Ji$-ii-fc s 
^(D-MAr-mmrnvrm i *)SfB-> u 3 ym^s. 1 1 ^tk 

1 aTS2*^rB->';3y»«l 3 
aA^P)5^8iLTS2m/eBli/'j3i/Bffil 3 aO«E(C 

i/U3vn 1 b^jg^-rsist. g®(cv";3>M 

1 1 b?:Wr5S2*i^S>"J3VStgi 3a?rM(J:^ 
JaSfSXefcigr^trS 0 I SSOiiJiTj&T'fcSo 0 
3tc^-r<}:3(c. KftSl 2 0T{IJtct4p-S03j^>J-> 

'J 3 1 4 a ^/r.t T p • mxn p " SOS 2 s^m^ 

•y V 3 yglg 1 3 a *^JB^$nTI/^5ft:Ji), 'J 3 
1 1 bA<r/^-<7>yD-txif(ca&)S^$e»c<J:i3r5» 
^nrt, pSO^'Jv'"j3V^l 4 a ttttCp'S 
X(i p" SOS 2 **gfe->'J 3 yS« 1 3 a V 
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m^f^t&mmim 1 2 stf p ■ mo^fs u u 3 yii 4 

a 05R^tt}fjg?n. iJSagdWtTfci^U 3>B 1 

®^^^n5A^ Kikl^l 2i:p'SX{ip" S0^2* 10 
JBS~>'j3ySffil 3 a tOMtCfigJgbfcp-SOsJ^y 
v/UnvH 1 4 aO/PiJ^rf-'^'rxiStttc^^D-liTSx. 
^ c i: {c , 3 1 1 b fc JgfiSt^ n/£^?ij(^ 

[0 0 0 7] 

m-:i^^Tmmt^o 0nc^-r<j;?K:. ^^m(omiB 

3 ymw. 1 1 ^ffliK-r So c © p smige^eS^ 1 1 « K 20 

->'^>'hi:UT4<Dy (B) ^mmr^ctic^oim 

*6it)IT'^5Kfk^ 1 Z^B^t^ mi (a) ) o C 
©KikUl 2(i0. 1 ~2 /im, »$L<«0. 1~ 
0. 5 /iniCDJf2(c:&S<fc9ti:Jgfi)tSnSo '^V^T% ^ 

im 1 2«:*f s psmsssts 11 

ox 1 O's/cmZOF-XaSa'S 0~ 
2 0 0 k e V©iD3ix^;V4^-T-l':t:/aAt-So 

mm. *iKsaffii irta5C'r;i-yi^A«iisi 1 am 

figStli. (01 (b) ) o 'Av^t?±E*i^B^B»S 1 1 30 

m-mmm^^L. ^^gffit*spSo^*gav"j3 

>SSl3^ffljSL, cOpS^lg^BSffil SOgBtc 
CVDffitcJ:0p-S©5K'J>'U3>'@l A^m^ti 

mi (c) ) o ;:<DpSd<';->'j3>^ 1 4{io. 5 

~3 /im. j!?f U<«0. 5-2 nm(OI!^il,crji^^v 

iiu¥a{fr«» :^^i/>T*¥*s^BSffi 1 1 fepS^^Ss^aS 
« 1 s^^n^enmn^Lmk. mm 1 2 »c.-hu 3 

1 4 *^^-«-r S J: -5 »c#i^B^Ba« 1 1 ic ^i^BliS« 

1 3^«te^to-i*-Tagiis-e-« (El (d) ) o 40 

Sffil l^^i^B^aS^l 3tcgB«$-B:fc$tgm#H« 
ifiT'5 0 0~8 0 0lC<Oli5afC#SL, 5~3 0^J-(S^t 
LT»§li^lSIS»ffla*tT7o cnt::J;»)¥iteSS«l 1 

A^7j<^t' * ^'<oa A e- ^ fitetcfg^i- 5 :t >aX® 

iHSl 1 a(Dti:5T-|imT±a50(S^gl5 1 1 c tTgPd 
fii'^^aH*®! 1 blc^j-SSti. (01 (e) ) „ ijictcig 
S=&WTJfP^951 1 c%8J^t (SI (f) ) , gS 

fc.i?u>/'j3>i,i 4. mitm \ zRis^mwmi i b 

"tifcfcU-TgOO-l 2 001CT'30~1 2 0i)-HI»fil so 



atTifiilttgl 1 bt^JgfoStgi 3f:?:d?"J->';3 
yll 4Rt;K{kKl 2*^LT?fi@tcli0^t--ti:?. 

(01 (g) ) . MJci)iWftsi 1 b<o^fll®s^;w^ 
95 1 1 c oi^mm^^n^tmm (^f >y^4?'j >j/ >y 

f) LT^it^b-rs (HI (h) msmx (0)0 c 
nc.k(?^;g^BS« 1 3tis 0 1 ast^»?^ /ii^gpi 
1 c \,tm^rs.^m'^WMh LTWcf s o i ggosaigtc 

[0 0 0 8] E2(c^-rj;^ic, *?gW0^2Jgffi©S 

0 1 ats^riait-rstcii. m \ \cm-i<% \ 

1 KDSffilcKfkSl 2^}gfig-rS (0 2 (a) ) o 

i/^T% SiJg®<D«^tiBi»>ce{t:Ki 2^*-fi.mi 

#i^Bl»«l l(DS®*>?>7j<Sg-l'*yaAbT. Stgl 
IrtSPfC-r^i-vaA^iHl 1 a^^m^ (0 2 
(b) ) o i^Ci/^T-m 1 »«S^S« 1 1 

Sjt»1fit&'5p-SlXtip"S0^2»«SS->'J 
3>»«1 3a«:ffl«f5 (02 (c) ) » p'SXtt 
p ■ ' S<D^ 2 'J 3 y»« 1 3 a p S»^b^bS 

«1 1 J;'?*.K->'^>'hT'fe?.5f;ayoga^S< LT 
Jgfig$n-5o i>:^^T-m.l ^l^B^Sffi 1 1 i:m2#*s^» 
1 3 a n^niJtit Ufc^. S 1 U 3 

ffi 1 1 1 2 lt^ 2 ^igB^av' 'J 3 ymw. 1 

3 a^Ste-&t)-ttTS5«S-(ti) (02 (d) ) „ :^^Cl/>T' 
^ 1 #.!I£b^bS^ 1 1 2 ^i^B^aSffi 1 3 a (CffiS^-e- 

fc* 1 vmhmk<mminmm1t^^bo cmfc 

.fcOill^^SB^BSffil 1 *V*VrtA®lsEl 1 a (0 til 
5T-iijnT±gi5©Jil^g|5l 1 c tTggfDSV^ijiaiftll 1 
1 b(c5^SStf 5 (02 (e) ) o Mz'^^T\.iX%n 

asi 1 c5ru^t (02 (f) ) . m.mmim \ 2r 
xsii^mwm\ 1 b Aw^aji 2 nfcs 2 #*sasffii 3 

a^^lfg«(D«^i:|Himcf^5aaLTi<ijS<*^l l b 
i:m2#!g^B»*S 1 3 a k^rKffcK I 2«:/l-tTSH»C 

ftstj^to-^s (02 (g) ) „ m.^\cii(^mwm \ 1 bo 
^^gts&D'^p^s? 1 1 c<D^giffi^^-n€n5fstT¥ 
?t{frs (02 (h) st;02 (i) ) o ctijc<fct)« 
stcKfb^i 2st;^«i<*si 1 htm-mm-^nt:.'^ 
2wmwumm. 1 3 a s 0 1 w&^m^ (0 2 
(h) ) o ■ 

[0 0 0 9] 03fc5^-rJ:9»::x *«R^<DS3J^!K<0S 

0 1 sffi^sjg-rstcfi. 0 1 \iLm-^<.w,\ mmnm-^ 
1 Konmmmimi z^m^t^ (03 (a) ) » :^ 

v^T% mi JgffioH^tlBHiicKfbJli 2**1-5^1 
m^^^nmrni I OgSA^P.7K^^'^>aALT> Sffil 

1 |^gP{i:'f;i->aA^l|?l 1 a^m&t^ (0 3 

(b) ) c i>:v>T'S 1 1 1 

t. 3t}$a®fc*5p-sxtip"S©^2*^B^Bi"; 

3y»t5l 3 a?:ffijSU il 2 ^l^fBSffi 1 3 a O 
gffifcC VDSCJ:') p-S<03)<y->'J:3V^l 4 a% 



(5) 
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m^t^ (03 (c) ) „ p-m^^V'>vz3ym\ 4 a 

p*SX«p"l^©m2m^B^a->'j3>g1gl 3 a 

U U n 1 4 a *<fB»-r 5 J: d »cS 1 »!gBlS« l 

(03 (d) ) o '^U^T'^l*iB^S1g 11*^2 10 
SS^l 3 atCffiJi«ii-fc$Smi Jgffit|B)«<05»ll5^ 

>aAffl^l 1 a,<Oi:c:5TfmT±ffl<D/il^g|5l 1 c 

tT^om^mwsi 1 b,{c^^^-ri. (13 3 

(e) ) o ^HHzM&^TifTmmi 1 cigrKltfr (0 
3 (f ) ) . SSfcp-iy.i^'ji^';3yg 1 4 a. ^{t 

mi 2Rxs^mwmi i b«'^assn/i:^2#*SB^B 
sffi 1 3 a 1 Bm<om^t\simicm9!!MLT^f-m# 

« 1 1 b i:S2*igB^»« 1 3 a t^Kfkffi 1 2St;p 
■S;}<U ->"J 3>M 1 4 a %:n-UT?Sll(cBfi'3^t>-&5 2o 

(0 3 (g) ) o mmc^mwmi i b©5^-^aRtf;i 

3 (h) Rt>*03 (i) ) o cn{cJ:t)giitcp-Sj)< 
'J->"J3>@1 4 a, KfbMl 2&a*i|iji|<*® 1 1 b*< 
)lSi^«®Sn/£^ 2 ^igfaStS 1 3 a A^&^i. S 0 I » 
tg*?#-5 (03 (h) ) , 

[0010] 

W©^K5P«rJt«^J 1 1 1 fcSJW-r 

<^fiSMl>0l (a) KS^-rj;^fc. pmm^^B~>V 30 
3>Sffil 1 <Dgffit|^K{t}Cj;i3;i? 4 0 0 nm(DK 

7 0 k e V©ttE%B]tatT7j<Jg'l'ii->«r7 X 1 0'« / 

c m'O K-XlT-f':i-:/)iALT*)g^BSffi 1 1 rtgP 
fC-T^i/aAaJl?! 1 a^J^fijtL/c (01 (b) ) , 
V>T**!erBS«l 1 fc|5|-«ffiiB|;&*-rSpSO^i^fB 

->unysffii s^mML. CCD pm^m^Bm^i so 

«SfCCVDii{CJ;i3/?$5 0 0 n pSf'^'-KU ->'J 
nVMi 4;S:}BfigLfc (01 (c) ) o -X^^^T pM^^'J 

Bias 1 1 1 pm^i^M,mw. 1 3 a ^ s c i m^mr^^ 

4 m^st^ii^K^mM^mm 1 1 (c^nsssis 1 3^ 

ata^b-*i-T^#^-^fc (0 1 (d) ) „ 'Ai'^T'M^i^^B 
S^l 1%^^b^bS«1 3(c^3iS-1±fc$Sg^S?Hm 

6 0 0 t;©rgsT' 3 0 ^^•/^^j^ls^^T•p ^ cog 

«^ l/)W*vaXMiai 1 aOfcC^T 

Winx±^<Dm^& 1 1 c i:TgPO»t,^*SI»^ 1 1 b 
fc^^iliLyc (01 (e) ),o jgS^ WTii^gP 1 
1 cig:lS^# (01 (f) ) , gffitC#U->'j3yBl so 



4; mimi 2sy^3n*si 1 b*w^S[s$nycf^ 

iSB^egtsi s^mm^m^^icioi^r \ 1 001CT2R 
FiSMst/c (01 (g) ) . mmci^mwmi 1 bo 
i^tm^mmLx^mitLrmm 1 © s 0 1 

jiLfc (01 (h) ) . 

[001 1 ] <SIS5«?IJ2>02 (a) ~02 (b) IfCTn 

4 0 0 nmOiSibS 1 2*^1-5 pS©ll 1 */^S->'J 
3V»ffil l(DPimc^^y&Xmm\ 1 a^rJBfigb 

fee i>;v^T'*iess« 1 1 tm-s.mm^^t^p*m 

(0 2 (c) ) . i^v^T'^i*«S^B->U3y»«i 1 i: 

s 2 m^fB -> u 3 >mm 1 3 a ^ s c 1 'mmxiti^ 
nmw'x^tc. :k^-z'm 1 mi^rB->'j 1 1 (cs<t: 

h^ix^m-i^rc (0 2 (d) ) o '^!K\>^Tmim^^Bm 

mi 1 2 ^JKb^v/ 'J a ygfi 1 3 a tc^a^-ttfc t 
Sg^^Hm*T-6 0 0X;®jgST'3 O^i-H^jaa^r^T 

1 1 a<DtC^X'WitXT±^<om^U\ 1 ci:Ta5<Di» 
l/^4i^«i:Ml 1 hiCj^mLtz (0 2 (e) ) „ i^JfcfiS 
^TlfTJf^aSl 1 c«-lJ^t (0 2 (f) ) , gffit 

mitmi zRism^mi 1 bA^)(ii>:«i$nfcm2* 

iSigB^B->'J3>'Sffi l 3 a5rg^l?fflM*(Cfel,^T 1 1 0 

o°cT-2B#^i^Mab/i (0 2 (g) ) o mmc^m# 
mi 1 h(oi^mm^mmLxw-m{tLxmimz<os 0 

I»ffi^KiiUfc (0 2 (h) ) . 

[0 0 12] <I^Sgt^j3>03 (a) -03 (b) fc^ 

4 0 0 n mcDKft^ 1 2 ^=^^5 pSJ©^ 1 m^B^B-^'J 
3>S^1 l(Drtg|5(i:'i':t>axm)|lcl 1 a^JBfigL 
)t„ ^^I/^T'#*Sb^bSS 1 1 i:lRl-S®«^=^-rSp'^ 

p" mom 2 #iK^'> 'j n 1 3 a u 

C£0S2*iefB>'U3VSffil 3 aOacStcC VDffitC 
JcOJi^ 5 0 0 nmOp-MOsHU v"J3>^ 14 a* 
Jg^bfc (03 (c) ) o '^CI/T'p-SjJ^'Ji/UnV^ 
1 4 a%||®SfJiL¥ii<bUfCo '^V^T^ mi*iSBl-> 
•j3>Sffil 1 i:S2#igB^->'j3ySSl 3 a^S C 
liftjtjftT'^n^'niftif Lfco '>;</^T'K<l:^ 1 2tc.K'; 
i/U =i>m 1 4 a A^gBJS-rs J: 9fcm 1 1 1 

ti:S2*iKB^B->U3ys«i 3 a *afe^b-y-TS;«$ 

■ttfc (0 3 (d) ) c i^l^^T'^ 1 *;gSS« 1 1*^2 

*ii@S'>U3ys«i 2 aic^^-^^tct^mmnmfn 

'PX'G oovnr^mxs o^-p^i^j&a^fTofco -eiDiS 

SimigB^BStSl l*V*>ftAS^l i aOfcC 

5T-iijnT±a5'DiPi^gi5i 1 c tT&<om^^^mwm \ 

1 b(C»iSiL/i: (03 (e) ) . ^fcSfi^WTJPP^ 

gpi 1 c^gji^t (03 (f) ) . mmicmitmi 2s 
TS^mwsi 1 b*^iii^)?ffl^*nfi:S2^iSSi^>;3y 

S£ 1 3 a^g^lSHMfftfe^^T 1 1 0 0tT-2^H 



(6) 



#B8¥ 1 1-3 0 7 4 7 0 



10 



mmLtc (03 (g) ) o mmc^mt^mi i b<o^ 
mm^mmbx^mit Lx^mm 3 o s o i m^R^mB. 

Ltz (03 (h) ) . 

[0 0 13] Kitnm 1 >3?»S<gt*SpS^!^SS 

its 1 3 osstc p s<D'-J^ u n 1 4 ;&fBfie 

tbtsffij 1 © s 0 1 m^^m^Lfzo 
[0 0 14] <:imwm>mmm\. mmmz. mmm 

3RlSltmi 1 (D^tl^H<D S 0 I »ffitCfeV>T. ' 1 0 
0 0 p pmO^^tf^^rfflt.^TXlfyn-hjSKJ;'?^ 

i)^SS (atomsp/cm') ^iS^K^ffifCJ; OlS'^fco 
^•(Digm*@4lC^-ro 

[0 0 15] ia4A>ei^P.A^«:J;dtC||JSfiRJl~3CDi|i 

1 b'p(Dmmm (atoms/ cm^) littKtFlJ UC 

.Jrfc'^fSl/^o cnaHfiSflRJ 1 ~ 3 © S 0 I s«*^:«ct*y 

u >mti^^t^rctb. tmm i © s o i s«(c 

[0 0 16] 

%/)-LT4^»i*stg±fcata^t)snTi/^« s 0 1 s^K 

»i:*jv>T, ¥SH*»ffii:*5pSO^*iS">'j3^S1g 

©frSK p s<ojK 'J u 3 ym^B^ u> c u 'J 

* i. p • SX(± p ♦* iy U n ygtg±t±IBK 



20 



" SOJii^S -> y n >»|g<o j=lrBt p - S<o jK 'J -> 'J 3 
y^i&fi^fiit c cod? -J 3 >i±fc±iBKji:^*jg 

d< 'J 'J 3 >MX«±fB p ♦ WX^t p " ScD#!g^B-> 'J 

X t±Ei^ 'J 3 >S*^«<feJS:=pi^tlT}^Si?ni' , S 0 

[gisofe^^iiiq^] 

[0 1. ] if^^mnmmmmom i © s o i s«©i!i3t:)5 
[0 2 ] *f?H^©*s!6}K^©^ 2 © s 0 1 m^omm 

[03] *«^©*«i}gffi©S3©S0 ia«©S3i7^ 

[0 4 ] Hifig^j 1 ~ 3 Rifjmm 1 © s 0 1 s«^c*3^,^ 

1 1 p^*SB^B'>U3>'Sffi 

1 1 a f^yiiAW^ 
1 1 b 

1 1 c Hl^gPl 1 c 
1 2 Kfkii 

13 pSJ^igB^BV";3ysig 

13a p ' SXtt p mom 2 >J 3 >s« 

1 4 a p-S©4<'J->U3>g 



14] 



2X10" 

I 

5 ixio" 



6X10" 



(7) 



1 1-307470 



uiim 



(b) 



W) 



3^ 



I rllc 

JZZZZZZZZ\- 



-^14 
— 13 




(a) 



I 

uinuiMt 



-14 

-13 (b) 



Lie 



Lie 



11 paJ)ii&&vPs:^S«c 
1 1 a ^r^i-^'ttAflW^ 

lib Itf^ 

11c QL^d^ 



12 tt< 
1 3 p 
14 p 
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(b) 



<"EZZZ2ZZ23 



^^L <^[ZZZZZZZZ\ 



lie 
Uc 



^^3^ <i>^ZZZZZZZZ 



11 pS¥tegs/y2:^«« 12 

1 1 s 



1 1 b ^^frjg 

1 1 c 
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^mW- 1 1-3 0 7 4 7 0 
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(s) 




-I3a 



(h> 



^llb 



14a 



lie 



lie 



^lsa 



1 1 « 

1 1 b ^t^fM 

lie ^^ItlS 



13b p* axwp**sio» 
14a p- swjj^yi^y 



